Age is an important risk factor for stroke, and carotid artery stenosis is the primary cause of first-ever ischemic stroke. Timely intervention with stenting procedures can effectively prevent secondary stroke; however, the impact of stenting on various periprocedural physical functionalities has never been thoroughly investigated. The primary aim of this study was to investigate whether prestenting characteristics were associated with long-term functional outcomes in patients presenting with first-ever ischemic stroke. The secondary aim was to investigate whether patient age was an important factor in outcomes following stenting, measured by the modified Rankin scale (mRS). In total, 144 consecutive patients with first-ever ischemic stroke who underwent carotid artery stenting from January 2010 to November 2014 were included. Clinical data were obtained by review of medical records. The Barthel index (BI) and mRS were used to assess disability before stenting and at 12-month follow-up. In total, 72/144 patients showed improvement (mRS[+]), 71 showed stationary and one showed deterioration in condition (mRS [-]). The prestenting parameters, ratio of cerebral blood volume (1.41 vs 1.2 for mRS [-] vs mRS[+]), BI (75 vs 85), and high-sensitivity C-reactive protein (hsCRP 5.0 vs 3.99), differed significantly between the two outcome groups (P,0.05). The internal carotid artery/common carotid artery ratio (P=0.011), BI (P=0.019), ipsilateral internal carotid artery resistance index (P=0.003), and HbA1c (P=0.039) were all factors significantly associated with patient age group. There was no significant association between age and poststenting outcome measured by mRS with 57% of patients in the $75 years age group showing mRS(-) and 43% showing mRS(+) (P=0.371). Our findings indicate that in our elderly patient series, carotid artery stenting may benefit a significant proportion of carotid stenotic patients regardless of age. Ratio of cerebral blood volume, BI, and admission hsCRP could serve as important predictors of mRS improvement and may facilitate differentiation of patients at baseline.
Introduction
Ischemic stroke is a leading cause of death worldwide and although it may occur in people of all ages, risk increases significantly with age. 1, 2 People .65 years are around ten times more likely to suffer from a stroke than those in the 18-to 44-year age group. Risk of recurrence also increases with age. In Taiwan, the median age of stroke is around 70 years. Between 2000 and 2005, stroke mortality increased from 50 per 100,000 to 2,300 per 100,000 in the 50-to 90-year age group. 3 For men, the highest prevalence of stroke mortality was in the 80-to 84-year age group, whereas for women, it was highest in those .85 years.
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Approximately 25%-30% of all strokes result from large artery stenosis, in particular carotid artery stenosis. 1, 2, 4 Studies have shown that patients with moderate to severe carotid artery stenosis involving lumen reduction of .50% diameter are at heightened risk of developing new-onset ischemic stroke. 5, 6 Such patients should be offered carotid endarterectomy (CEA) or carotid artery stenting (CAS) at the earliest opportunity.
The current American Heart Association and the American Stroke Association Guideline 7 recommends CEA for older patients, whose carotid system tends to be more tortuous. This procedure is advantageous as it enables the surgeon to visualize the stenosis although it requires longer healing time and may cause scarring. CAS still presents a viable alternative, particularly in younger patients and at hospitals that do not offer CEA. Furthermore, some patients and physicians prefer stenting because it is a less invasive procedure. In addition, a recent randomized controlled trial found that in patients with symptomatic carotid stenosis, the long-term functional outcomes were comparable for CAS and CEA with modified Rankin scores not differing significantly between treatment groups at follow-up. 8 After stenting, long-term functional outcomes vary widely. In our experience, some patients, including those who fit the recommended criteria for stenting, become dependent on others for activities of daily living after the procedure. A large proportion of patients who have experienced their first ischemic stroke have underlying conditions or comorbidities that may adversely affect outcomes following stenting. The heterogeneity in outcomes following stenting and the propensity of underlying conditions suggest that it would be valuable to identify patient characteristics that predict outcomes following stenting and thus which patients are most likely to benefit from this procedure.
Little is known about functional outcomes after CAS in elderly patients who have had just one ischemic stroke. To address this gap in the evidence, long-term functional status was assessed 12 months after stenting in patients who had recently experienced their first ischemic stroke.
The primary aim of this study was to investigate whether prestenting characteristics were predictive of long-term functional outcome in patients with first-ever ischemic stroke. The secondary aim was to investigate whether patient age was an important factor in outcomes following stenting, measured by modified Rankin scale (mRS).
Materials and methods
In this retrospective study, we collected data from the medical records of consecutive patients who underwent CAS for first-ever ischemic stroke during the period January 2010 to November 2014 at the angiography laboratory of the Department of Medical Imaging, Changhua Christian Hospital. All patients had the procedure conducted by the same physician, as our institution has only one neurointerventionist (Dr Chi Kuang Liu).
Inclusion criteria included age $18 years, no previous history of ischemic stroke, angiographic evidence of .50% carotid stenosis, no other etiology of stroke that could explain the index event except for the critical carotid stenosis, no evidence of recurrent stroke during the study period, minimal or no rehabilitation treatment and no other alternative medicine treatment after the stenting procedure, and completion of at least 12 months of follow-up after stenting. We excluded patients with cerebral hemorrhage, those with cerebral arteriovenous malformations or aneurysms, patients lost to follow-up, and those who did not complete 12 months of follow-up after the stenting procedure.
A total of 144 patients fulfilled the inclusion criteria and were included in the study. All patients underwent a comprehensive history, physical examination, biochemistry, and carotid ultrasound investigations on admission and during the admission period. Cranial diffusion-weighted magnetic resonance imaging and angiography (MRI/A) and computed tomography angiography and perfusion (CTA/P) imaging were also conducted at these times. All patients underwent diagnostic digital subtraction angiography to confirm the lesion site and degree of the stenosis during the admission. Carotid stenting was subsequently implemented 1 month after the index stroke event. This study was approved by the Institutional Review Board of the Changhua Christian Hospital. The study was retrospective and the informed consent was not required by the Institutional Review Board of Changhua Christian Hospital.
Baseline clinical characteristics
Baseline demographic data and clinical characteristics were collected, including age, sex, and body mass index; baseline biochemistry data on admission, including low-density lipoprotein, high-sensitivity C-reactive protein (hsCRP), and glycated hemoglobin (HbA1c) levels; and evidence or history of chronic kidney disease, chronic heart failure, atrial fibrillation, gout, diabetes mellitus, hypertension, and dyslipidemia. Performance in activities of daily living was measured before stenting with the Barthel index (BI), and the degree of disability was measured with the modified mRS as previously described. 9, 10 The mRS score was assessed at least twice, before stenting and again at 12-month follow-up in an outpatient setting. Each assessment was conducted by two physicians, and any discrepancies were resolved by consultation with a third physician. Patients were stratified based on their net mRS score and age group. 
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Carotid ultrasound examination
The cervical carotid artery was examined with a Philips iE33 7-Mhz linear transducer (San Jose, CA, USA). Patients were asked to tilt their head slightly to the contralateral side, and the transducer was placed on the neck. Initially, cross-sectional B mode scanning was performed to check for any intraluminal plaque, and the longitudinal screening method was adopted for confirmatory purposes. Plaque was classified into subtype 1, 2, 3, or 4 based on the International Classification System, as previously described. 11 The classification of plaques was determined by two physicians, and any discrepancies were resolved by consultation with a third physician (kappa value: 0.91). Intima-media thickness (IMT) of the mid-portion of the common carotid artery (CCA) was measured on the ipsilateral side (symptomatic side of index stroke event). We also measured peak systolic velocity (PSV), end diastolic velocity (EDV), and resistance index (RI) (PSV-EDV/PSV) of the bilateral CCA, internal carotid artery (ICA), external carotid artery (ECA), and ophthalmic artery (OA) as well as reversal of blood flow in the OA. Forward flow was defined as blood flow directed away from the stenotic ipsilateral carotid artery, and reverse flow was defined as blood flow into the carotid artery. The ICA/CCA ratio was also calculated and defined as PSV of ICA divided by PSV of CCA. The degree of carotid stenosis was calculated according to the method used in the European Carotid Surgery Trial. 12, 13 All patients showed .70% degree of stenosis over the symptomatic carotid system.
statistical analysis
All statistical analyses were performed using the statistical package SPSS for Windows (version 16.0; SPSS Inc., Chicago, IL, USA). Pre-and poststenting mRS scores were compared to determine patient outcomes and classified as improved, stationary, or deteriorated. Statistical comparisons were conducted using Pearson's χ 2 test. To test the association between net mRS change and prestenting exam variables, net mRS was defined as (prestenting mRS value) -(poststenting mRS value). Positive (mRS[+]) values (.0) indicated improvement and negative or stationary (mRS [-] ) values (#0) deterioration in patient condition.
Comparison of groups according to net mRS change was conducted using all available recorded variables. Mann-Whitney U-test was used to determine differences in the mean values of continuous variables between the two groups. Categorical variables were compared using the χ 2 test, or Fisher's exact test, where appropriate. Univariate or multivariate logistic regression was employed to assess the significance of risk factors and to obtain odds ratios (ORs). A P-value ,0.050 was considered statistically significant.
Patients were divided into four groups with respect to age: ,65 years (n=38), 65-74 years (n=52), 75-84 years (n=48), and $85 years (n=6 persons). [14] [15] [16] Further age group analysis was conducted, and comparison of each groups was performed using all available recorded variables before stenting treatment. Kruskal-Wallis test was used to determine whether any variable exhibited a significant difference among the three groups, and Jonckheere-Terpstra test was utilized to test for significance of trends. 17, 18 Neuroradiological examinations included MRI/A, CTA/P imaging, digital subtraction angiography, and stenting procedure. These have been described in detail in an earlier study by our group 19 (Supplementary material and Figure 1 ).
Results
Baseline characteristics before CAS are presented in Table 1 . The median age of study participants was 72 years. The pre-and Table 2 . In total, 72/144 patients had improved mRS scores with improvement of either 1 or 2 points, 71/144 had stationary mRS scores, and one patient had poorer mRS score. Critical variables associated with functional improvement from baseline mRS score after stenting are shown in Table 3 . The ratio of cerebral blood volume (rCBV), BI, and hsCRP were all factors that were significantly associated with mRS score improvement.
Results of the univariate and multivariate regression analysis are shown in Table 4 . Of the three critical prestenting parameters, multivariate analysis showed that lower admission BI (#60) differed significantly between the two 
989
Predictors of functional outcome in elderly ischemic stroke patients Patients were stratified into one of three groups based on age. The age group analysis is presented in Table 5 . The three different age groups varied significantly in four factors: ICA/CCA ratio (P=0.011), BI at admission (P=0.019), ipsilateral ICA RI (P=0.003), and glycated hemoglobin (P=0.039).
In addition, as age increased from 65 to 85 years, the median values of the ICA/CCA ratio and ipsilateral ICA RI had a tendency to increase, while admission BI and glycated hemoglobin decreased (Jonckheere-Terpstra test; P,0.050).
Patients in the ,65 and 65-74 years age groups were significantly more likely to have a preexisting diagnosis of diabetes mellitus when compared with patients .74 years (P=0.012; Table 6 ). Older patients .74 years were significantly more likely to have a diagnosis of chronic kidney disease compared with patients in the younger age groups (P=0.006). There was no significant association between age group and net mRS improvement (P=0.371; Table 7 ). Ipsilateral ICA RI was significantly associated with age, with 15/54 (28%) patients $75 years having high RI values ($0.75) compared with only 6/38 (16%) of patients ,65 years of age (P=0.001; Table 8 ).
Discussion
Patients with a moderate to severe degree of carotid stenosis who experience a primary ischemic stroke are at significantly increased risk of recurrent stroke, and a 7.8% recurrence rate has been reported in Taiwanese population-based data. 3 The current guideline recommends CEA, particularly in elderly patients, 20 and CAS is indicated for young and middleaged symptomatic patients with carotid lumen reduction measuring .70% by noninvasive imaging or .50% by catheter-based imaging. CAS has advantages in that it can ensure prompt management and prevent recurrent stroke, especially for first-ever elderly stroke patients, is less invasive than CEA, and requires shorter operation time. CAS has been shown to be as beneficial as CEA in patients with angiographic evidence of .60% stenosis or ultrasonographic evidence of 70% stenosis. 21 Although CAS is a viable alternative to CEA 22, 23 in some patient groups, a recent systematic review and meta-analysis observed that for CAS compared with CEA, there is significant periprocedural risk of stroke or death in patients aged 70-74 years, with a hazards ratio of 2.09 (95% CI 1.32-3.32). 24 However, age was not associated with postprocedural stroke risk for either CAS or CEA.
In our center, only the CAS procedure is available, providing a unique opportunity to further investigate CAS outcomes in the elderly first-ever ischemic stroke population. In the present study, all patients underwent CAS even though most were of advanced age. Nonetheless, we found that stenting resulted in good long-term outcomes. The cohort we have investigated had a median age of 70 years, and yet favorable outcomes following CAS were observed with 72/144 (50%) patients exhibiting improved functioning following the procedure (Table 2 ). In addition, there were no stroke recurrence events, myocardial infarction, or other vascular events in the periprocedural period or at 1-year follow-up.
A number of clinical carotid ultrasound parameters have been investigated for their association with patient outcomes following ischemic stroke. For example, previous studies have reported that carotid plaque type is strongly associated with functional outcome of patients after ischemic stroke. [25] [26] [27] In our study, however, we did not observe such an association.
IMT has been shown to be predictive of cardiovascular disease and stroke. [28] [29] [30] [31] [32] To the best of our knowledge, however, no studies have investigated the relationship between IMT and functional outcome after stenting in patients with first-ever ischemic stroke. Our results show that there is no association between IMT and poststenting outcome. Reversal of blood flow in the OA is another commonly observed phenomenon, particularly in Asian patients with stroke and concomitant high-grade carotid stenosis. The reversal of OA flow indicates intracranial blood insufficiency that necessitates the use of extracranial arteries to maintain blood flow. Reversal of blood flow in the OA is often considered a sign of exhausted basal arteries, thus suggesting potential recurrent stroke. 33, 34 However, we observed no significant difference in OA reversal between patients with stationary mRS score after stenting and patients with improved mRS score after stenting.
RI, a clinical index generated from carotid ultrasound, 35 reflects the degree of resistance of blood flow to the downstream vascular bed. An RI $0.75 denotes increased resistance, which can be due to various factors, including obstruction. As CCA and ICA supply the majority of blood to the intracranial hemispheres, their RI values are typically lower than the that of ECA under normal circumstances (CCA and ICA ,0.75, ECA .0.75). This index is a widely used parameter to check downstream stenosis and vasomotor reserve capacity. 35 Interestingly, and in contrast to other studies, we have observed that the majority of patients have values of RI ,0.75 (109/144). We also observed a significant relationship between increasing age and RI $0.75 (Tables 5  and 8 ). This could be partially explained by the hypothesis that as age increases, vessel wall flexibility declines preventing adjustment to atherosclerotic changes.
Patients with carotid stenosis and concomitant ipsilateral middle cerebral artery stenosis often have an inferior outcome after carotid stenting because of the poor ipsilateral collateral distribution. [36] [37] [38] In this study, MRI/MRA findings did not reveal an association between long-term functional outcome and ipsilateral middle cerebral artery stenosis. Insignificant findings were observed in patients with concomitant intracranial posterior circulation stenosis and stroke location found on the cerebral parenchyma. Studies have also investigated various CT perfusion parameters to assess the immediate pre-and poststenting cerebral perfusion state. [39] [40] [41] [42] [43] [44] [45] [46] [47] However, none of the parameters seemed to be associated with the long-term functional outcome.
In our study, the ratio of rCBV, admission BI, and hsCRP were significantly associated with mRS score changes at 
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Predictors of functional outcome in elderly ischemic stroke patients 12-month follow-up. These parameters may have potential as predictors of outcome and suitability for CAS. Lower values of the rCBV, a parameter derived from the CTA/P, may predict better outcomes. This is a factor seldom researched in the literature. Merckel et al 48 found CAS improved cerebral blood flow dynamics in the affected cerebral hemisphere in both symptomatic and asymtomatic patients. They also observed that rCBV values at poststenting follow-up were much lower in symptomatic patients compared with asymptomatic patients. 48 Lum et al 49 found that CT angiography source imaging and CBV were better predictors of 24-hour infarct and outcome than noncontrast computed tomography.
CBV, in conjunction with the cerebral blood flow index, can assist in predicting the outcome of an ischemic lesion. If both cerebral blood flow index and CBV are decreased, there is a risk of tissue damage, and when both are substantially decreased, it is probable that irreversible damage has already occurred. 50 Lower levels of hsCRP were also predictive of better outcomes following CAS. hsCRP, an indicator of systemic inflammation, is a well-characterized parameter used to assess the risk of cardiovascular disease including stroke and myocardial infarction. 51 Strengths of this study include that there was sufficient follow-up time, of at least 12 months, between administering the first and subsequent mRS test allowing time for patients' neurological condition to stabilize following CAS. Furthermore, follow-up mRS was performed at one outpatient clinic which facilitated consistency and comparability of results.
Our study has several limitations. First, this was a study that used data on a relatively small (n=144) number of patients treated at a single medical center. The small study size reduces the statistical power of our analysis, and therefore, results must be interpreted with caution. Second, all patients were of Asian origin, and therefore, the results might be applicable only to the Asian population. Third, many of the patients took medications to control underlying comorbidities such as gouty arthritis and hyperlipidemia in the poststenting phase. Such medications might potentially alter the follow-up mRS values, resulting in interpretation errors. Fourth, carotid duplex and neuroradiological examinations did not have both pre-and poststenting data for comparison. Thus, the immediate effect of carotid stenting could not be clearly presented.
Conclusion
Our findings indicate that in our elderly patient series, CAS may benefit a significant proportion of carotid stenotic patients regardless of age. The prestenting parameters of rCBV, admission BI, and hsCRP may be useful predictors of poststenting outcomes.
The ICA/CCA ratio, admission BI, ipsilateral ICA RI, glycated hemoglobin, and history of diabetes mellitus and chronic kidney disease differed significantly with age and may be useful parameters for differentiating suitability for CAS.
